Introduction
a stretch of a level meadow or a man-made landing strip. In especially difficult areas special nets are deployed to catch the UAV.
We are seeing the development of new aerial platforms that utilize solar-panels installed in the airframe. The on-board equipment is able to provide images that are equal, in many respects, to the ones gained from satellite systems. Stratospheric UAVs have been developed, designed for continuous data transmissions.
Flight over the Głuchów area
The flights over the Głuchów research area were performed using the AVI-1 airframe, designed to take aerial photos. The Głuchów forest complex is located in the Głuchów forest district, which forms part of the Rogów forest division. From the administrative viewpoint, the forest division is located in the Łódzkie province, Skierniewicki Poviat.
AVI-1 (Tab. 2) is a high-wing monoplane of composite construction powered by an electric engine (manufactured by the Taxus SI Company from Warsaw). The lower section of the fuselage holds a swappable photographic compartment, equipped with two compact photographic cameras of Sigma DP2 type (Fig. 2, 3) . One of the cameras takes photos in natural RGB colours, the second one takes photos in near infra-red. The airframe is controlled using an automatic control system: MicroPilot MP2128; during take-off and landing the control system is assisted by a Remote Control (RC) system. The installed Sigma DP2 photographic cameras and the fuselage of , ω, κ, (phi, omega, kappa) are related to the heading of the airframe (expressing the instantaneous angular velocity of the rotating rigid body) and are registered and recorded by MP2128 during the flight. As we can see in Fig. 4 , which presents the path of the UAV, the working sections are parallel and in line with the flight path design. The creation of a flight plan is dependent on the size of the area, the atmospheric conditions on the day of the flight and the flight characteristics of the UAV. The actual flight path registered by the GPS and visible on the diagram shows a very high level of integration of the UAV control system and results from the AVI-1's airframe characteristics.
Weather conditions
The pass over Głuchów was performed in atmospheric conditions with no impact of thermal air movements and below the cloud threshold (Tab. 3). The flight resulted in so-called noshadow shots.
Atmospheric conditions have a significant impact on flight execution. When preparing a flight plan, the practice is to follow the weather forecast 2-3 days before the planned flight day, with the binding forecast being the one 24 hours before the planned flight day. However, it should be remembered that the weather on the planned flight day may be different from the forecast or may change unexpectedly. In such cases, it is necessary to introduce updates to the flight file interpreted by the MP2128 automatic control system in order to ensure safe and proper execution of the flight plan, as well as to ensure the gathering of photographic material that meets all the requirements.
The second factor affecting flight design is the size and shape of the area that is to be flown over. The target area size determines the manner in which the flight is executed and is related to the technical abilities of the UAV. Depending on the actual size of the target, the image-taking operation may be carried out in a single flight or can be divided into a number of related flights according to the target's shape and the UAV abilities (e.g. maximum flight length) as well as the safety rules (the UAV has to be visible to the operator and the RC pilot throughout the flight). Fig. 6 and Fig. 7 When performing flights, the requirement that must be unconditionally met is continuous radio-and visualcommunication with the UAV throughout the flight (this is an operating principle to distinguish between different aerial objects when using a given airspace).
Image data
The basic outputs from the UAV operations are vertical and inclined aerial photos. Their spatial resolution is determined by the flight's altitude and the camera characteristics, and typically measures from a few to over a dozen centimetres.
The main products obtained from the photos taken by the UAVs are the orthophoto maps (Fig. 5, 6 , 7, 8, 9, 10). These are compiled from a very large number of individual photos (e.g. for an area of about 300 ha, the number of photos may reach about one thousand) with EnsoMOSAIC software that uses image correlation algorithms supplemented by the GPS and heading data from the UAV and processes them into an orthophoto. In order to increase the orthophoto accuracy, ground control points (GCPs) are designated and measured. The points have been arranged in the field, to enable them to be located on images after the flight. The flights over Głuchów and the Arboretum areas were marked with white signs in the shape of a square with dimensions 30 x 30 cm (the size of about a 2 pixel field), which allowed for the location of the selected point on the image. The GCPs were additional data that were used in the process of aerial triangulation. Some well-represented details may be identified on the images and later measured after the UAV operation has ended.
Another product obtained from the UAV's photos is the digital surface model (DSM). The DSM is created via the automatic correlation of images. The accuracy of DSM is determined by the number and accuracy of the measured reference points that make up the stereogram (a larger number of points established with high accuracy translates to higher accuracy of the DSM). Apart from the number and accuracy of the measured reference points, the DSM quality is also affected by the following factors: the scale of the photos (it is desirable to have a uniform scale, which requires a flight at the properly designated altitude), the accuracy of the correlation (influenced by the optical density of pixels), no shadows being cast on the photos (shadows on the photos or lack of objects on adjacent photos affect the number and accuracy of the reference points). Small format pictures (those obtained via UAVs) are usually taken using one image sensor, which registers RGB components. The accuracy of DSM using small-format pictures may be increased by attempts to change the size of the correlation search window and the correlation ratio.
photo by A. Zmarz Fig. 9 and Fig.10 photo by A. Zmarz The accuracy of an orthophoto depends on precision, with the GPS-measured and recorded coordinates of the single images and parameters characterizing the flight (maintenance of altitude, maintenance of flight path, angles of pitch and roll UAV). The latter depend on the proper integration of the autopilot with the aerodynamic shape of the aircraft (which directly translates into the proper execution of the flight route).
Conclusions
When taking aerial photographs with both large aeroplanes and UAVs, good weather is preferable, which translates into proper material for interpretation. Atmospheric conditions that impact the quality of the pictures are: good lighting, good visibility, no precipitation, good time of day, good season and low wind. When using UAV for photographic (photogrammetric) flights, it is important that the atmospheric conditions do not exceed the characteristics of the airframe. Flights may take place on both cloudless and fully-clouded days (when the flight takes place below the cloud cover, resulting in so-called no-shadow pictures). The deployment of UAVs for photogrammetric purposes is a prime example of the development of a new branch of technology which, as with all new developments, requires not only further technical and logistic improvements to achieve the required quality, but also requires all practical details to be established in order to meet the requirements of users (who are also in the process of learning this new technology) and the changing technical abilities of the equipment. Furthermore, all of these developments are taking place in a legal landscape that is unable to keep up with changing technology and its uses.
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